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[bookmark: _Toc44090380]Useful information
To help know who has completed which section, the role with the person’s name and student number has been given as titles, with their work being listed within subtitles. 

With the late drop out of Curtis, the group had to pick up his roles. 

To make the referencing clear, the references are combined under the ‘References’ tab and have been colour coordinated to the following role and team member;

· Steffan Tubb (1910092) – Plant and Monitor Evaluator
 
· Daniel ‘Lloyd’ Davies (1909561) – Teamworker

· Gavin John (1809103) – Co-ordinator and Specialist

· Lloyd Davies (1909561) – Resource Investigator 

· Sam Melmoth (1809093) – Shaper and Completer Finisher

· Owen Bayliss (1708437) – Implementer

We hope this helps with the clarity of each individuals work for you to mark.  


[bookmark: _Toc44090381]Plant and Monitor Evaluator – Steffan Tubb (1910092)
The roles that I was assigned based on the Belbin table that was created were Plant and Monitor evaluator. I decided to research my roles a bit deeper to try and get a better understanding of them and to help decide what tasks I could do to help the group achieve an innovative product that was sustainable. Here are my findings:
Plants are innovative members of the team. They come up with original approaches and ideas that help the team in solving problems or overcoming challenges. Plants are introverts in nature and possess poor communication skills. Plants prefer to work alone. They react well to praise but are greatly affected by negative criticism. Monitor evaluators are the critical thinkers in a team. They're serious minded and cautious in nature. Rather than rush into decision making, they prefer to critically analyse information before making any conclusions. Monitor-evaluators lack the energy to motivate other team members and are deemed to be slow in decision making (Merchant, 2019).
With a better understanding of my role, the tasks I suggested to the others that I would complete were to find ideas and evaluate them and make a final selection.

[bookmark: _Toc44090382]Brainstorming
To begin my task, I had to think of ideas. This meant I had to brainstorm. I decided to try and come up with ideas of my own and if I was struggling to come up with them then I would go to the team for ideas. I went into the brainstorming stage with the premise of no idea is a bad idea. While group brainstorming is often more effective at generating ideas than normal group problem solving, several studies have shown that individual brainstorming produces more – and often better – ideas than group brainstorming. This can occur because groups aren't always strict in following the rules of brainstorming, and bad behaviours creep in. Mostly, though, this happens because people pay so much attention to other people that they don't generate ideas of their own – or they forget these ideas while they wait for their turn to speak. This is called "blocking." When you brainstorm on your own, you don't have to worry about other people's egos or opinions, and you can be freer and more creative. For example, you might find that an idea you'd hesitate to bring up in a group develops into something special when you explore it on your own (Tools, 2020).

As the product would have to be sustainable I decided to put a few constraints on the brainstorming stage. The first is that it would be made of plastic. Plastic is the 4th most recycled material on the planet after concrete, steel and aluminium (Anderson, 2020). Plastic is also a much cheaper and lighter alternative to the other materials above it on the list. The second constraint was that it should be able to be 3D printed. This meant that any big projects wouldn’t be able to be considered as size would be an issue and the time taken to print bigger objects wouldn’t make it cost effective. The last constraint I decided to use was to ensure that the product would be used regularly. By thinking of a product that you would use weekly/daily I could ensure that I wasn’t manufacturing something that was only going to be used a handful of times then be discarded of. Below are the ideas I came up with through these methods and restraints.








[bookmark: _Toc44090383]Ideas
Plastic amplifier – 3D printing an amplifier for a mobile phone out of plastic. This could be achieved by designing a base with a slot for the phone to sit in. The slot would then have two chambers run off either speaker at the bottom of the phone which would amplify the volume played through the speakers. The design would have to be drawn up on 3D CAD modelling software. The amplifier could be personalised using different colour and patterns. Speaker systems can be rather expensive and can be considered a luxury item. This idea gives a much cheaper alternative to the pricey options on the market. Size is another factor when it comes to reasons why someone wouldn’t purchase a speaker system. The design would be small enough and light enough to transport, maybe not pocket sized but certainly in a bag. With this idea there is no need for electricity to play the sound and you wouldn’t be restricted to a battery life like you would for the portable speaker systems. If the product did break then the material could be recycled. The quality of sound wouldn’t be as good as a speaker system, but I think it’s a good cheap alternative.

Cable holder – This is a simple design that would act as an organiser for desktop cables. The cable holder would sit on the edge of the table and have simple slots in to accommodate various sized cables. Drawing up a design would be relatively simple on software. It would need to include a clamping feature to hold it to the desk and also to hold the cables. The choice of plastic would have to be relatively specific as it would need to be flexible an durable. This would narrow down the potenial choices of material and could also make the material choice more expensive due to favourable properties. Having cables everywhere can be frustrating, this product would eliminate this problem. It could also save you time in the long run as untangling wires/cables can be an arduous and time consuming task. 

Fridge drawer – A drawer that is 3D printed with plastic to hold fruit, vegetables or any other products in your fridge. The design would have a topless box shape with a slot either side so that it would mimic a drawer. This would then be able to slide on and off the shelf that would be placed above it. This design makes use of space that is usually wasted in most people’s fridges. The main advantage of this design is you could have multiple drawers along the shelf for different fruit and vegetables. The user could then avoid single use packaging from supermarkets by taking their own reusable bags shopping and picking loose fruit and vegetables and brining them home to put in the drawers. The downsides to this idea are that some types of plastic can become brittle over time when exposed to cold temperatures. Also, the drawers would have to be washed every so often. This could cause more problems as some plastics would likely deteriorate over time when exposed to water and chemicals from cleaning products. If the product did start to deteriorate it could cause harm to the end user through a leak of unwanted chemicals onto the food. Using the correct choice of plastic could negate these issues, but the choice may also incur higher costs due to the favourable properties. 

Cutlery – 3D printed plastic cutlery for events and festivals. A simple design could be produced on CAD modelling software and batch printed in minutes to produce recyclable cutlery. An estimated 23,500 tonnes of waste are produced by music festivals in the UK each year – about the same as weight as 78 fully loaded Boeing 747 Jumbo Jets. Drinks and food are sold in disposable plastic cups, bottles and food containers, along with enormous amounts of plastic cutlery (Gray, 2019). This idea gives us a service to offer as well as a product. The products would be relatively inexpensive, and the service could be offered to festivals and events at a good mark-up. Festival and event organisers should also be keen to use the service as it could be used as a unique selling point to sell more units of food. The success of a service like this would rely on the end users placing the cutlery in the recycling bins provided after they’ve have finished using them so that they can be cleaned and recycled. Finally, the plastic selection would have to be thoroughly researched to ensure they are food safe as to not cause potential harm to the end user.  
Egg holder – My final idea was an egg holder. This again would be 3D printed and designed to hold 6 eggs. Although this could be extended to hold how many eggs the customer would need so the product could potentially become customisable. As with some of the previous ideas, the choice of plastic would be important as the product would still be coming into contact with food or placed in storage along with other foods. Some manufacturers don’t include an egg holder as standard with their fridges and may charge extra to supply one, so this product could be a cheap holding alternative for people who store their eggs in the fridge. This product would also be handy for people who collect their eggs directly from farms as it would cut out the need for cardboard boxes.      

[bookmark: _Toc44090384]Selection
With the ideas evaluated I decided to put them to the other group members to asses and get some feedback. I decided to use a weighted criteria matrix to justify the final selection because I wanted to get a fair way of getting feedback. This way no one could argue that they didn’t have input on the final selection and would avoid the possibility of confliction. The weighted criteria matrix is a valuable decision-making tool that is used to evaluate program alternatives based on specific evaluation criteria weighted by importance. By evaluating alternatives based on their performance with respect to individual criteria, a value for the alternative can be identified. The values for each alternative can then be compared to create a rank order of their performance related to the criteria as a whole. The tool is important because it treats the criteria independently, helping avoid the over-influence or emphasis on specific individual criteria (Ouye, 2020). Instead of using a template from an online source I decided to create my own on an Excel spreadsheet. This way I could decide the weight factors for each criterion. Here is the table I created for the other members and myself to fill out:
	Criteria
	Weight %
	Amplifier
	Cable holder
	Drawers
	Cutlery
	Egg holder

	Complexity
	20%
	 
	 
	 
	 
	 

	Cost
	15%
	 
	 
	 
	 
	 

	Sustainability
	40%
	 
	 
	 
	 
	 

	Profitabliltiy
	10%
	 
	 
	 
	 
	 

	Restrictions
	15%
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	Total
	100%
	 
	 
	 
	 
	 



I decided to place the biggest weight on sustainability as this was the main theme of the project. Profitability was my least weighted category as I felt that if the product was good enough then it would generate a profit regardless. Because the restrictions category is a negative category, this would be scored as bigger restrictions should have lower score and lesser restrictions should be given higher scores. This should flip the category to give a positive result which would be the same as the other categories. I then gave the table to the team members to fill out, scoring each category out of 10. I had the scores back and took the results and made a results table with an average of everyone’s scores and multiplied them by their weighted category. Here are the results:




	Criteria
	Weight %
	Amplifier
	Cable holder
	Drawers
	Cutlery
	Egg holder

	Complexity
	20%
	8.0
	3.5
	3.2
	2.8
	6.8

	Cost
	15%
	3.6
	6.2
	6.0
	7.4
	4.8

	Sustainability
	40%
	6.6
	3.9
	5.3
	8.8
	4.7

	Profitability
	10%
	8.0
	4.8
	6.8
	8.4
	5.6

	Restrictions
	15%
	4.2
	4.1
	7.6
	8.5
	8

	
	
	
	
	
	
	

	Total
	100%
	6.21
	4.29
	5.48
	7.31
	5.72













As you can see from the results the cutlery idea came out as the groups favourite, closely followed by the amplifier. I believe the group viewed the cutlery idea more sustainable than the amplifier which is what probably swung it in its favour. We decided as a group to press on with the cutlery as the idea for the project. This result was produced in the fairest way possible with everyone having a bearing on the final result.

[bookmark: _Toc44090385]Conclusion
I felt that the roles the Belbin table gave me after our self-assessment was fair. I was more than happy to take the roles of plant and monitor evaluator. I was confident I knew what the roles would entail but just to make sure I decided to do a little research of my own just to confirm my thoughts. Armed with the knowledge of my roles I suggested to the group that I would come up with ideas and evaluate them and come up with a solution to deciding a final outcome. The need for innovative and sustainable ideas was going to be a key part of this project. Before thinking of tasks, I wanted to go over some brainstorming theory to get an idea of methods I could use. I then thought up my ideas and evaluated them in terms of pros and cons. Once I had my ideas, I proposed them to the rest of the group and produced a weighted table to ensure we had the results that edged towards sustainability. This resulted in the recyclable cutlery being the chosen idea. The project could then move on to the next stage.







[bookmark: _Toc44090386]Teamworker – Daniel ‘Lloyd’ Tubb (1910091)

[bookmark: _Toc44090387]Team arrangement     
We were given a task to design an innovative product that is in our capabilities to manufacture but also for it to be sustainable. We had been assigned into teams of 7 in order to complete this project. Now knowing the teams and the individuals within it, it wasn’t a case of just starting and getting on with it, we had to assign team roles and assess everyone’s strengths and weaknesses and using Belbin’s team roles was a great way to do so. As being the role of the Team worker, it was my responsibility to form the team in a professional manner. 

[bookmark: _Toc44090388]Belbin’s Theory
Belbin’s 9 team role theory is “an effective way to assess the relative strengths and weaknesses of a team”. It was developed by Meredith Belbin in 1981 and he describes it as “a tendency to behave, contribute and interrelate with others”. This team role theory is one of the most widely used tools today to form successful teams and for team building. It helps the team to understand different ways in which it can improve performance. Teams can become unbalanced if team members have similar team roles and or same styles of behaviour.
There are 9 team roles all together and they are categorized into 3 separate groups. These groups are as follows; Action Orientated roles, People Orientated roles and Thought Orientated roles (Tools, 2020). 

[bookmark: _Toc44090389]Action Orientated roles
· Shaper – Challenges the team to improve – The shaper is the one who makes sure that all possibilities are considered and that the team does not become complacent.

Strengths – Thrives on pressure, drive to overcome obstacles, challenging and dynamic.

Allowable Weaknesses – Might offend people’s feelings, prone to provoking.
  
· Implementer – Puts Ideas into action – The Implementer is the one who turns the team’s ideas into practical actions and plans.

Strengths – Reliable, efficient, disciplined.

Allowable Weaknesses – Sometimes inflexible, slow to new possibilities. 

· Completer-Finisher – Ensures a thorough and timely completion – The completer-finisher is the one who ensures there have been no errors and pay attention to the smallest of details.
Strengths – Delivers on time, searches out errors, painstaking.
Allowable Weaknesses – Tends to worry, reluctant to delegate.

[bookmark: _Toc44090390]People Oriented roles
· Coordinator – Acts as a chairperson – Coordinators are the ones who take on a team leader role and guide the team to complete objectives.
               Strengths – Mature and confident, clarifies goals, delegates well, good decision making.
               Allowable weaknesses – Offloads personal work, may be manipulative.
· Resource Investigator – Explores outside opportunities – The resource investigator develops contacts and negotiate resources for the team.

Strengths – Enthusiastic, good communicators, explores opportunities.

Allowable weaknesses – Can easily lose interest and enthusiasm, can be over optimistic.

· Team worker - Encourages cooperation – The team worker provides support and makes sure that people within the group can work together effectively.
Strengths – Cooperative, listens, averts friction.
Allowable weaknesses – Can be indecisive in key decisions.
  
[bookmark: _Toc44090391]Thought orientated roles
· Plant – Gives new ideas – The plant is someone who is creative and comes up with new ideas and approaches.
Strengths – Creative, unorthodox, solves difficult problems.
Allowable Weaknesses – Has troubles communicating due to being occupied, ignores incidents.
· Monitor Evaluator – Analyses the options – Best at evaluating ideas from other people and carefully weigh up the pros and cons before coming to a decision.

Strengths – Judges accurately, strategic, sees all options.

Allowable Weaknesses – Lacks ability to inspire others.

· Specialist – Provides specialist skills – Have specialized knowledge of how to get the job done and pride themselves on their skills and abilities.
Strengths – Dedicated, single minded, proved skill and knowledge in rare supply
Allowable weaknesses – Dwells on technicalities, Contribute on a narrow front.
(Manufacturing, 2020) 

[bookmark: _Toc44090392]Score Table
With all the roles being explained and given their responsibilities and strengths and allowable weaknesses, we had called a meeting involving each individual involved in this project. I explained that we would need to fill out a table with each role to consider and out of them roles we would have to rank ourselves with a score of 1 through 9. This scoring system will be the most effective way to assemble our team because each individual has different characteristics and also has different attributes to bring to complete this project. The scoring system is ranked 1 through 9 with 1 being your preferred role and the responsibilities you will take on and the strengths that the person would need for that certain role and then 9 would be the role you would least like to take on and the strengths do not match your individual character. With everybody filling out the table I decided to encourage discussion among the team members relating to their own individual score so where they think their strengths and allowable weaknesses are and how these matches to the roles or even if they overlap or contrast with another team member.  

[bookmark: _Toc44090393]Potential for conflict
As my role as the team worker it is vital that if potential conflict arises in the duration of the project then it will be my responsibility to diffuse and nullify the confrontation between team members. If this issue cannot be resolved then the whole completion of the project could be at risk. Team members who are constantly at heads with each other will not only jeopardize the whole project but also as a result can have a negative effect on the rest of team. With this negative effect, other team members may not be able to perform to the best of their ability because of all the hostility that is occurring within the group. It is my role to prioritize team cohesion and helping people get along.  

[bookmark: _Toc44090394]Reasons why conflict may occur
There are several reasons in why conflict may occur during a project, these are:
· Project costs and budgets – This is one of the most important factors in any project. Without funding and budget allocation for each task then it’s more likely the project will fail. If there are issues with budgeting and cost cuts then this can lead to issues and conflicts. For example, when manufacturing a product, the choosing of the material is vital in a cost perspective because you only have a select budget to work within and different team members might disagree on different material and could result in conflict.

· Different personalities – The personalities within a team can clash. This may happen as a result of team members who have fallen out with each other. Also, some individuals respond in a negative way to changes or choices made in an unhelpful manner.

· Different ways of working – Everybody has a different way of working but it could potentially end up in confrontation because they may impose their own way of working on others which may upset people.

· Miscommunication - miscommunication can happen during meetings, project update meetings. Miscommunication can also happen due to lack of clarity about roles and responsibilities. Hence the necessity to define the project charter and scope, layout out the process and schedule, identify the deliverables and clarify the roles and responsibilities of each team member (Khan, 2017).
After discussions we had pre assigned roles, they were not final as some team members had the same scores for certain roles. Gavin and Owen had both scored 1 for the Implementer role, so as my role as a team worker it was up to me to find a solution that everybody was happy with. I had arranged to speak with Gavin and Owen by themselves so that we could resolve this issue and eliminate any reason for conflict to take place. Using the score table for a reference I had pointed out that Gavin had the Specialist role as his 3rd best score. With that the specialist role was a surplus role meaning that Gavin had scored it 1-3 but every other team member had scored it 6-9 meaning that Gavin was the only person that would be compatible with this role and its characteristics. After explaining this Gavin was happy to take that role on and help the team out in any way to ensure that this project would run smoothly.
As we were beginning this project quite early on Curtis had dropped out as he could no longer continue to participate with the course. This was not and ideal situation because Curtis had 2 roles assigned to him and as a result of this that meant that other team members would have to re-asses and decide on who would be carrying out these 2 roles. I was tasked of assigning these 2 roles between the team and to make sure that everybody was happy with the decision to be made. I had arranged a team meeting with everyone. I explained that Curtis would no longer be involved in the project and that we would need these roles to be carried out between us. I stated that I didn’t want anybody to feel pressured into picking them up. We had discussed the score table again and went through each individual scores. Curtis had the roles of Completer Finisher and also Resource Investigator. Gavin was exempt from this as they already had 2 roles assigned to them and there was no possibility that he could be tasked of taking a 3rd role. For the Completer Finisher role nobody had a score higher than 7 so I voiced this to the team saying that its open to anybody if they feel like taking it on. Sam decided to accept the role as he was seeing it as helping the team out for the greater good. Lloyd was assigned the Resource Investigator as he scored it the highest out of everybody else. I asked him if he would be happy to take the role on and he agreed to do so.

However, after a week or so Lloyd was unhappy with the role that they were assigned. They were venting their frustration and it was having a negative impact on the group and effecting team morale. If the team morale kept detreating then this will have a serious impact on the whole completion of the project. I decided to call Lloyd aside and intervene to resolve this issue. I listened to what Lloyd had to say and didn’t interrupt him he was speaking. I told Lloyd to give it a chance and to focus on the future and the project and that it will be worthwhile in the end and that I am willing to set up future meetings with Lloyd individually to continue discussions on how they are feeling and to reassure them that if they still weren’t happy then I would look into changing it for them.
With conflicts being resolved this is our final Team and what roles they will undertake:
Gavin John – Co-ordinator and Specialist
Owen Bayliss - Implementer
Sam Melmoth – Shaper and Completer Finisher
Lloyd Davies – Resource Investigator
Steffan Tubb – Plant and Monitor Evaluator 
Myself – Team Worker

[bookmark: _Toc44090395]Conclusion
From this role, it was clear to see the importance of having a team member who assemble a team in a professional manner to complete a project. To which I used Belbin’s theory to form a team based on their nature, characteristics, strengths and possible weaknesses and to also evenly assign tasks. I also learned that reducing the need of conflict is very important to ensure the whole team is in harmony and happy so that we can utilize working together .As a result of my role I believe that I have set up the team in a positive direction with resolving conflicts and also a team member leaving and that has given us a great opportunity to complete this project.
 


















[bookmark: _Toc44090396]Co-ordinator – Gavin John (1809103)

[bookmark: _Toc44090397]Introduction
During this project I undertook the role of coordinator ensuring the project went according to plan. From my experience, I constantly made sure I motivated my team and I did this using Hertzberg theory. The role of the coordinator can be summarised from Belbin as “the coordinator needs to focus on the team’s objectives and delegate work appropriately” (Indeed, 2019). As with any project, it was important that a Gantt chart was formed to ensure the project deadline was met. The project aim was clear from the very start which was to manufacture a project which was sustainable and efficient. Therefore, it was my job to make sure the right decisions were being made and the project was on track for completion. 

[bookmark: _Toc44090398]Maslow’s Hierarchy of Needs
Once the roles had been established within the Belbin roles, it was my job to overview the project to ensure the team were keeping up with the demands of the project. Which I did by making sure the team were motivated by using the following theories. 
The first theory I implemented was Maslow’s hierarchy of needs. Maslow’s theory is shown in a pyramid with the following titles; 
· Self-actualisation – In this last stage of Maslow’s theory, this is where the team develop their knowledge and understanding within the project. This helped as people have different skill sets, which was accounted for in the task selection (McLeod, 2020) (Cherry, 2020) (Hooper, 2020). 
· Esteem needs – Recognition is the key factor of the penultimate stage of Maslow’s theory. I made sure to congratulate the team or an individual once a task had been completed by the agreed date. I also kept reminding the team how important they were to the project which made for a successful project, partially down to the efficient teamwork (Cherry, 2020; Hooper, 2020; McLeod, 2020). 
· Belongingness needs – Once the safety needs have been met, the next section of Maslow’s pyramid can be achieved. Unfortunately due to the COVID-19 pandemic, it eliminated the chance to have face to face meetings with the team. With the help of Microsoft teams, we were able to have group meetings, where I would have updates on how the project was doing and if the team were meeting their deadlines (Hooper, 2020; McLeod, 2020; Cherry, 2020). 
· Safety needs – Within this section the safety of the team was paramount. This included providing the correct personal protective equipment (PPE) and ensuring the tasks were equally distributed to make the workload even. I also made sure that the team had the relevant software to complete their tasks such as; Solidworks, Microsoft office etc. This stage can only be achieved once all the physiological needs are met (Cherry, 2020) (McLeod, 2020) (Hooper, 2020). 
· Physiological needs – This section covers the basic needs of what the team needed, to do their day to day tasks. This included what the project outcome was and the resources needed to achieve the projects end goal, which I communicated in our initial meeting (Cherry, 2020) (Hooper, 2020) (McLeod, 2020). 
These sections are in order from top to bottom of Maslow’s theory. To keep on top of the actions that were set, I chaired and action tracker. The action tracker allowed me to see who was working on what task and when their task needed to be completed by. 


[bookmark: _Toc44090399]Hertzberg theory
Motivation is key to having a successful project. To ensure the motivation was always on the job within the team, I used Hertzberg two factor theory. Hertzberg theory is spilt into two section, motivation factors and hygiene factors (Tools, 2019) (Management, 2019). 
The motivators are the ones who like to get stuck into the job and like to lead by example, who also tend to like having more responsibility. This is a great attitude to have as this can lead into more promotional jobs when they become available. Similarly to the belongingness stage in Maslow’s theory, it is important to give the recognition to the individuals and the team when anything successful occurs (Tools, 2019) (Management, 2019). 
The second part to Herzberg’s theory is hygiene factors. It was important to delegate tasks fairly, with the task being suited to the individuals skill set. It was also important that I was giving adequate supervision to the team to assist them in any way I possibly could (Management, 2019) (Tools, 2019). 

[bookmark: _Toc44090400]Project planning
Together with another member of the group (Lloyd Davies) we were able to create an action tracker and Gantt chart. Along with action tracker, it was important to have a Gantt chart with critical path analysis (CPA) included. The Gantt chart is even more important than an action tracker as it shows the project start to finish date. If there are any delays within the project, it can be clearly seen within the Gantt chart and subsequently will have a knock on affect to the future task and the project end date. 
A popular method within critical path analysis was activity on node. The main advantage with using this method, is its ability to highlight the float within the timings (Dawson & Dawson, 1995). The purpose of float is to show how long an activity can be delayed before having a knock on affect to the completion date. To calculate the total float, you can using the following equation; 
Total float = Late start date – Early start date
This was very beneficial as we knew what task where the most critical and the ones we knew that if a delay was to occur, we knew how long we had to rectify the delay (Rolstadas, 2008). It was my role to implement the CPA as I have more experience with using this tool than Lloyd did.

As this project was to manufacture a new and sustainable project, I implemented 5S due to how much of a positive impact on the environment our product would achieve. The 5S theory originated from Japan but have been implemented in almost every industry. The 5S stands for;
· Sort – This involves getting the unused plastic which needs sorting and washing so it can be melted (Today, 2020).
· Straighten – As the melting process is technical, which has been explained by the specialist role, it was important that all the necessary actions were taken. This included the correct PPE for the process of taking plastic and making it into plastic filament. This was also the case with having the necessary software. As 3D printing requires a necessary file type, it was important to have a computer aided drawing package that was compatible (Omogbai & Salonitis, 2017). 
· Shine – It was important that we followed the necessary guidelines from the government as this project was taking place during the COVID-19 pandemic. Where ever possible, we would work from home. Failing to do this, we would always keep at least two metres away from each other when having to work together (Treasa ‘Susie’Leming-LeeDNP, et al., 2019).
· Standardise – Whenever we worked on documents, it was important to work to standards. As our product was being used with food, it was vital that all our machines and instruments were FDA approved. This is why, from the specialists recommendations, we made necessary decisions (Today, 2020). 
· Sustain – This last section links to Hertzberg motivators section. I often supervised the team to make sure they were working to the necessary standards (Omogbai & Salonitis, 2017). 

[bookmark: _Toc44090401]Conclusion
From this role, it was clear to see the importance of having a Gantt chart and action tracker to ensure that the project deadline was met. By using the method of activity on node within critical path analysis, I was able to show when tasks need to start by and how long the duration of each task was. It was also important to have contingency within the timing plan in case any delays did happen. This is where float comes in within activity on node. Float shows how long a task can be delayed before having a knock on affect for the other tasks. I found it was vital to ensure the team were motivated for the tasks that were evenly assigned. To which I used Maslow’s hierarchy of needs and Hertzberg theory to keep the motivation on the end goal of the project.




[bookmark: _Toc44090402]Resource Investigator & Co-ordinator – Lloyd Davies (1909561)

[bookmark: _Toc44090403]Scope
Before tasks were allocated to each team member, linking them to Belbin’s self-assessment diagram. The newly formed team decided to define what is required by using a scope statement. “it allows tasks to be allocated more efficiently providing direction for employees and delivering the project within a deadline and budget” (Jamaledine, 2017). Belbin refers to the Co-ordinator as someone who would likely compile a scope statement, as they delegate and clarify goals effectively with the objectives of keeping the team focused and on point. (Moultrie, 2020)

	Project Objectives
	Form a team with the objectives of designing an innovative product that is within your capabilities to manufacture sustainably.

	Deliverables
	· Use Belbin’s roles to allocate tasks
· Deliver a Recyclable, sustainable product
· Supply prototype designs
· Offer manufacturing solutions
· Offer material choice
· Present idea as group presentation 

	Milestones 
	Items
	Date

	
	· Team formed
· Brainstorming exercise
· Focus group
· Select final idea
· Project plan
· Prototype designs
· Process
· Prototype for trials
· Review
· Assignment submission
	24-04-2020
01-05-2020
08-05-2020
15-05-2020
19-05-2020
22-05-2020
01-06-2020
20-06-2020
22-06-2020
26-06-2020

	Technical requirements 
	environmentally friendly, needs to conform to recycling ISO standards.
BS EN ISO 14021:2001 (Wrap, 2020)

	Limit & Exclusions
	Working conditions, this project is being run through Microsoft teams, all members have full-time jobs and work 24/7, resulting in inadequate or no information handed over. Mitigation needed

The project is limited to how much it can spend and how much the product costs to consumers.

3D modelling experience is limited.

The project only requires to reach the level of prototype design. No prototype is needed.

	Customer review
	UWTSD Rachel Alexander



[bookmark: _Toc44090404]WBS
A Work break down Structure (WBS) sets out the activity by focusing on deliverables, it eliminates unnecessary work but maintains the intended result. If well thought out aids in scheduling, costs, and determining the risk and areas of concern. It prioritises the leader of the area, capturing each task and sub-tasks breaking the work into manageable chunks, and setting out a plan for managing team members and other resources. Referring to Belbin’s roles, WBS would sit in the category of Co-ordinator and helps to define sub-tasks and responsibilities for all team members. It gives the project lead an overview of tasks which they are not directly responsible for but would like to control. The diagram shows below that all tasks lead back to one point, defined as the project or person responsible.

Project Sustainable cutlery
A. 1.1 Surveys
E.1 Handover
C.1.3 Design Model
B. 1.2 allocate resource
A. 1.2 Analysis
C.1.2 Manufacturing selection
B. 1.1 plan resource  
C.1 Select Idea
B.1 Scope Statement
A. 1 Focus groups
A. Market Research
E. Closeout
B. Project
Planning
D. Process
C. Design 
C.1.5 Design review
C.1.4 DFMEA
A. 1.3 Findings
C.1.1 Material selection 
D.1.1 selection of manufacturing area
D.1 Manufacturing ideas
D.1.2 Production equipment selection










































Figure 1 – WBS


[bookmark: _Toc44090405]Precedence table/ Gantt chart
Based on figure- 2, a Gantt was prepared showing Market Research, project, planning, design, process, closeout. When assigning WBS roles, tasks reflected Belbin’s nine role model which included my role of co-ordinator and the tasks assigned to me of planning/gnat/design/scope etc. The Gantt in figure-3 chart only specifies the number of days and not hours this led to inaccuracies causing some team members to leave important work to arrange personnel who finished before the scheduled time. Due to this reason, I would have recommended as a top priority using CPA. The usage of CPA gives a clear understanding of the project and explains work which will be critical, and proper allocation of resources could help in other areas when free. To avoid confusion, all team members should have clear roles and responsibilities defined and delegated from the project initiation phase. Smith states team members must have clear roles determined from the start to avoid confusion (Smith, 2002).  

	Recyclable Cutlery 

	Responsible
WBS (ref)
	Activity
	Duration
	Start Date
	Finish Date

	
	Project Start
	n/a
	24-4-20
	24-4-20

	All team
	Team formed
	1day
	24-4-20
	25-4-20

	B
	Scope statement
	5days
	25-4-20
	30-4-20

	B1.1
	Decide Belbin’s roles
	2days
	30-4-20
	2-5-20

	A.1
	Focus Groups
	14days
	2-5-20
	16-5-20

	A1.1
	Surveys
	7days
	16-5-20
	23-5-20

	A1.2
	Analysis
	5days
	23-5-20
	28-5-20

	A1.3
	Decide on idea
	8days
	28-5-20
	4-6-20

	B
	Plan project
	2days
	4-6-20
	6-6-20

	B1.2
	Plan Resource
	1day
	6-6-20
	7-6-20

	B 1.3
	Allocate resource
	2days
	7-6-20
	9-6-20

	C
	Design ideas
	2days
	9-6-20
	11-6-20

	C.1
	Select design
	1day
	11-6-20
	12-6-20

	C1.5
	Review design
	1day
	12-6-20
	13-6-20

	C1.2
	Manufacturing selection
	4days
	13-6-20
	17-6-20

	C1.1
	Selection of materials
	5days
	17-6-20
	22-6-20

	D1.2
	Selection of production equipment
	2days
	23-6-20
	25-6-20

	E. 1
	Review findings 
	1days
	25-6-20
	26-6-20

	E 1.1/ All team
	Handover
	n/a
	26-6-20
	26-6-20


Figure 2 – Precedence table




Manufacturing cutlery from recycled plastic


1

[bookmark: _Toc44090406][image: ]Gantt chart
Figure 3 – Gantt chart


[bookmark: _Toc44090407]Materials
Linking resource investigator to the material research, “Resource Investigators are likely to be found at conferences and exhibitions, exploring new ideas and opportunities. They are best placed to go out and discover new possibilities that they can report back to the team” (Belbin, 2019), biodegradable plastic isn’t a usual material it warranted an enthusiastic member to research and clarify the positives and negatives of each material. The material choice was the top priority to achieve the biodegradable standard, after research, the three examples listed below were the most appropriate to our scope objectives. To clarify our final choice, we used a simple decision-making technique called a waited chart diagram. This tool would suit my role of co-ordinator and resource investigator. 

Polylactic acid (PLA)= Is a renewable thermoplastic aliphatic polyester. It is made from natural ingredients including corn starch, tapioca roots or sugarcane. It is biodegradable, edible and carbon neutral. PLA has the same properties as polyethene. (CHO, 2017)

	Polylactic acid (PLA)

	cost
	Recyclable
	Decomposing rate.
	Machinability 

	£3.76p/ kilo
(Alibaba, 2020)
	Yes 
	Three months. (Petinakis, 2010)
	Injection moulding 3d printing
Extrusion
Film.



Polyhydroxyalkanoate (PHA) = Made from microorganisms, sometimes genetically engineered to produce plastic organically. Its created by starving the microbes of nutrients like oxygen and nitrogen, which is substituted with carbon. Resulting in microbes producing PHA as carbon reserves they then store this until the other nutrients are introduced, at that point they grow, reproduce and move leaving the PHA behind to harvest. PHA has similar properties to traditional plastics. Its typical application is food packaging, bones plates, skin substitutes.
	Polyhydroxyalkanoate (PHA)

	cost
	Recyclable
	Decomposing rate.
	Machinability 

	£4.83p/kilo (Koller, 2017)
	Yes 
	Two months (Hoeven, 2016)  
	Injection moulding 3d printing
Extrusion
Film.



Polybutylene (PBS) = a petroleum-based plastic but fully biodegradable. synthesised by using polycondensation of succinic acid and 1-4-butanediol. “Both building blocks can be produced from renewable feedstock such as glucose and sucrose via fermentation or from petroleum-based feedstock” (Database, 2020). It fully decomposes into biomass, Co2 or H2O and can be added to organic waste. PBS has similar mechanical properties and comparable to Polyethylene.

	Polybutylene (PBS)

	cost
	Recyclable 
	Decomposing rate.
	Machinability 

	£4.54p/kilo (Alibaba, 2020)
	Yes 
	Three months (Commission, 2011)  
	Injection moulding 3d printing
Extrusion
Film.


[bookmark: _Toc44090408]Material Choice Weighted chart
To select which biodegradable material to use, we carried out a weighted grid analysis, as shown below. The customer or scope specification should determine the weight factors for cost, Renewable/Biodegradable/ Decomposing rate/ Machinability. It could also be built from our market research, where we learned the areas of most importance to satisfies project goals. It is weighted 1-4, where 1 represents low importance need and 4 desirable need.

[bookmark: _Toc44090409]The factors 
Cost = 3
Usually, the most crucial factor but our customer is willing to pay a premium for a completely biodegradable product.

Recyclable = 1
Being re-usable is important, but the priority for this product was to ensure if the cutlery gets thrown into the ocean is decomposes and doesn’t cause any harm to the environment.

Decomposing rate = 4
How quickly will it decompose is the most crucial factor, the main selling point of our product is it biodegradable which will set it apart from oil-based plastic cutlery.

Machinability = 2
How easy will it be to manufacture? All three materials have a range of machinability options. 

Weigh the Materials against the factors from 1-4 with 1 = poor and 4 = excellent. Please refer to each material spec box to follow results below. Example: - Polylactic PLA is the cheapest, so it gains the rating of 4 and Polyhydroxyalkanoate (PHA) being the most expensive, gaining a rating of 1.

	
	cost
	recyclable
	Decomposing rate
	machinability
	total

	weight
	3
	1
	4
	2
	

	Polylactic acid (PLA)
	4 x 3
	4 x 1
	3 x 4
	4 x 2
	36

	Polyhydroxyalkanoate (PHA)
	1 x 3
	4 x 1
	4 x 4
	4 x 2
	31

	Polybutylene (PBS)
	2 x 3
	4 x 1
	3 x 4
	4 x 2
	30



Polylactic acid (PLA) was the material selected going forward.
[bookmark: _Toc44090410]Design


[bookmark: _Toc44090411]DFMEA
[image: ]A DFMEA determines what might go wrong, how adverse the effect may be and how to prevent or mitigate it. To understand the design better and anticipate potential issues, a DFMEA should assist with Designing around potential problems, controlling how and when they occur so that you can plan design analysis and testing. It should result in a more robust design and improves the safety.

[image: ]


[bookmark: _Toc44090412]Reflection 
[bookmark: _GoBack]After completing our Belbin’s self-assessment, I was assigned the role of Plant, after reflecting and discussing in many meetings, the team identified areas throughout the project, which were not covered. We then listed all areas to deliver a thorough assignment which flowed from start to finish. I volunteered for the tasks of organising and design, which are my strengths. Referring to Belbin’s team roles, it suggests I am most suited for the role of co-ordinator (which was completed with, Gavin John, another member of the group) and resource investigator. (Moultrie, 2020). The project benefited from clearly defining the goals which is seen within the scope statement, it defines the team’s priorities and links to the WBS, appendices and Gantt. It establishes milestones and gives a clear vision of what the project should achieve, and this information is used throughout my tasks. A clear scope statement and market research can clearly define what are the customer needs, making decisions on material selections or design improvements after DFMEA easier. The customer needs were assumed to be biodegradable as a desirable and recyclable output as a need, as seen in the weighted chart tool used to select the final material. Belbin suggests the weakness of the resource investigator are to be over optimistic, which can lead to lose of interest on the end goal. Sometimes I can have all the traits in my approach, focusing on the daily tasks instead of making time to explore other people perspectives on tasks.       
















[bookmark: _Toc44090413]Specialist – Gavin John (1809103)

[bookmark: _Toc44090414]Introduction
When taking on the role of the specialist, it was my job to understand how we would take unused plastic and turn it into a useful substance to manufacture cutlery. My role was chosen within a group meeting, where we listed a number against each Belbin role between 1 and 9, to what we thought was our strongest role, to our weakest role. From (Belbin, 2019) the specialist is described as “Brings in-depth knowledge of a key area to the team.” By having an atomising and an additive manufacturing (AM) background, I felt this role suited me the most. I could use my atomising knowledge to come up with a solution to re-use plastic and my AM background to manufacture the product. 

[bookmark: _Toc44090415]Re-using plastic
Currently there is around ~6 billion metric tons of waste plastic on the planet (Parker, 2018). To obtain plastic won’t be a problem as there is so much unused, waste and littered plastic. To use additive manufacturing methods, we need to use plastic filament. This has to be done in numerous steps. 

The first step after receiving the plastic is to sort the plastic into different groups. The groups are dependent on their type of polymer. This is due to the polymers having different melt temperatures. If plastics are mixed in this process then problems will occur in the later stages and reduce the efficiency of the process (Suez, 2019) (Greentumble, 2018) (Leblanc, 2019). 

The second step is to wash the plastic to ensure it’s free from any contaminants that could affect the final product. By allowing the plastic to soak in warm detergent, this allows the impurities and other substances that isn’t plastic, to be removed (Suez, 2019) (Greentumble, 2018).  

Now the plastic has been organised and washed, the plastic needs to be resized. The goal in this stage is to make smaller particles of plastic. This can be achieved by either shredding or granulating the waste (Greentumble, 2018) (Suez, 2019). 

Before melting the plastic particles there are certain tests that can be completed to determine its quality. One of the first tests is to do a density test. This is a simple process where you put a selection of plastic particles into a tank of water. If the particles have a lower density than water, the plastic will float. However, if the particles have a higher density than water then the plastic will sink. The density we need for the particles is to be less dense than water, so we are looking for the plastic particles to float in the tank (Greentumble, 2018). The other tests that are done are for shape and chemistry. To measure the shape of the particle, a digital microscope can be used. The shape is important to ensure the particles are smooth and circular, so it doesn’t cause any blockage in the next stage. A Scanning Electron Microscope (SEM) can be used to check the plastics chemistry. This just checks that no contamination has been picked up throughout the process. 

When melting plastic, the melting temperature will be dependant on what type of plastic is being used. When the plastic has been melted, it is poured over a wire screen to form wire strands and filaments. There are many outcomes that can come of this process, such as the plastics being extruded into fibres to manufacture cold weather gear (Greentumble, 2018) (Leblanc, 2019) (Suez, 2019). 

These strands, filaments or fibres are cut to size and cooled in water. They are then dried and stored which means they are ready to be used in 3D printing. 
[bookmark: _Toc44090416]Using plastic in additive manufacturing
Once we had our input material in the form of plastic filament, we were able to start the manufacture of our product. I recommended using 3D printing as this will give us a faster manufacture time to produce the volume of products that are required. 3D printing is the most efficient additive manufacturing method due to its ability to manufacture complex geometry parts, in a very fast and efficient process (Eleni Gkartzou, 2017). By using 3D printing you don’t see any warping occur due to the good followability within the process. There are several 3D printing methods, however the method I recommended to use was fused filament fabrication (FFF) which belongs to the material extrusion family. Within this process, an object is built layer-by-layer by selectively depositing material in a pre-program path (Weiner, 2020). 

The process to print components by FFF is relatively straight forward. The first step to printing is to have a design to input. From our team, the shaper has done all the design work and made the necessary considerations that are required from this process. The majority of 3D printers require .stl files to be able to start printing (All3DP, 2020). Fortunately for us, the shaper used a computer aided drawing (CAD) package which was able to convert the drawing into the required files, ready for printing. 

The second step was to insert the spool of filament into the printer. The nozzle was heated to around the melting temperature of the plastic. Once the nozzle was heated to its desired temperature, the filament was fed into the extrusion head where the filament would start to melt (BCN3D, 2019). 

The bed of the 3D printer was a 3-axis system where it moved through the X, Y and Z axis. The material that has been melted by the nozzle was extruded in thin strands and got deposited in a layer-by-layer format, where the plastic cooled and solidified (BCN3D, 2019) (All3DP, 2020).

In terms of nozzles, there are typically three nozzles that are used, which are;
· Brass - Brass nozzles are the most common, due to its high thermal conductivity and stability. These nozzles are also the cheapest but are resistant to wear to abrasive materials (Filament2print, 2019).  
· Stainless steel – This nozzle is superior to brass in regard to the hardness of the nozzle. Another major advantage with stainless steel is that it doesn’t contain lead. This means this nozzle is compatible to manufacture parts for the skin or food industry. Stainless steel nozzles are FDA approved, so it makes this nozzle fit for purpose in almost all industries (Filament2print, 2019). 
· Hardened steel – Hardened steel nozzles have come to resolve the rapid wear in brass nozzles by abrasive materials. The hardness is up to 10 times the value of brass steel nozzles. However, hardness nozzles have a lowered heat transmission as they contain lead and they wouldn’t be able to produce food or skin components (Filament2print, 2019). 
From the three nozzles above, I recommended to use the stainless steel nozzle as the end product will be used with food, so the process needs to be FDA approved. Another important consideration was the nozzle output diameter. Again there are three different sizes that are typically used; 0.25, 0.4 and 0.8mm. We used the 0.4mm nozzle with stainless steel as this suited our part the best due to its size. The 0.25mm and 0.8mm are used for small and large components respectively. (Filament2print, 2019). 

[bookmark: _Toc44090417]Conclusion
Within my role of the specialist, it was important that I advised the best methods to create a sustainable and efficient product. With the amount of plastic being wasted in the world, this was a perfect opportunity to reduce the amount of waste plastic. By recycling, existing plastic is not only good for the environment, but the incoming material will come at no cost. Once the plastic has gone through the process to become filament, it could then be used to manufacture our product using 3D printing in the form of fused filament fabrication. Within this process, it was vital that we had the correct nozzle set up which would also conform to the FDA standards. 









[bookmark: _Toc44090418]Shaper – Sam Melmoth (1809093)

[bookmark: _Toc44090419]Introduction
As my role within the group was shaper it was my responsibility to manage situations when I saw the group becoming stagnant or hung up on an issue and keep the project moving forward. In this role the most helpful theory to apply to the group is McGregor’s Participation Theory. By utilising this theory, it allowed me to understand different members perspectives and use motivation techniques that worked for them. The job description for my role is laid out by Belbin’s team roles theory, “Provides the necessary drive to ensure that the team keeps moving and does not lose focus or momentum.” On this project as the shaper it was my role to receive tasks from the coordinator and the leader. To then follow them through to completion within the timescale I was given. The shaper has a very hands on role within the group, so I was involved with tasks such as the designs and the prototyping. The nature of the shaper role is to be given a task to go away with and come back to the group with a complete workable solution. This role is key in the middle of long projects as people can become distracted from a project with other commitments due to deadlines being further away than other day to day tasks.  

[bookmark: _Toc44090420]McGregor’s Participation Theory
When needing to get jobs done such as completing daily tasks, it is important to understand the motivations and work ethics of the people around you. There are two types of team member according to the McGregor Theory. Theory X and Theory Y, an employee fits into each category by having the following natural characteristics (Sorensen & Minahan, 2011). 

[bookmark: _Toc44090421]Theory X 
Theory X presumes that the employees are naturally lazy and don’t seek extra responsibility and lack drive. These characteristics require a management style that closely monitors progress and rewards goals reached. These goal rewards need to be for smaller achievements so that they can be acquired more frequently to keep the employees motivated and not distracted. 

[bookmark: _Toc44090422]Theory Y
Theory Y describes an employee that is self-motivated, independent and enjoys their job. This type of employee is much easier to manage as they don’t need as much input to get results. This allows your management style to be more set on long term goals as you can trust your employees to meet deadlines without motivating and work with autonomy. 

In my experience people do not just conform to one theory consistently and drift between the two. I found during this project that teammate including myself conform to theory Y when first discussing a project. People are enthusiastic and want to help the team by suggesting ideas and taking responsibilities. Afterwards when tasked to do something over a long period of time due to extended deadlines, teammates slip into theory X, and find it hard to motivate themselves to complete tasks during the day. Because of this, tasks were completed more time efficiently within team meetings when teammates were present to motivate one another. 




[bookmark: _Toc44090423]Focus Group 
One of the tasks delegated to me was to run a focus group session with several volunteers from the public. The reason for this information gathering is to justify the project by sampling public opinion and gauging interest in the product. The results of this information gathering will then shape the decisions that are made by the evaluator later on in the design stage. The steps taken for running the focus group were:
1) Choose the topic of discussion- The topic that we chose to discuss first were people’s opinion of litter and rubbish at large events, this was to see if the public were concerned enough to warrant making a change in the way that this issue is treated at the events. 
2) Choosing questions and prompts- The questions chosen for the discussion started with people’s opinion on the rubbish. Then we moved the discussion on to ideas for dealing with it. The third topic was us introducing our idea and gauging the uptake of the idea. 
3) Make a questionnaire- This is to collect data from the group that they might be reluctant to voice in front of the group. As the questionnaires are unnamed they can voice their opinion more freely. 
4) Recruit and schedule for the event- Adverts were posted on message boards and advertising was done over social media to entice people to take part. 
5) Introduce everyone and get consent from everyone present- This is important so that the people taking part know what is going on and so that we do not get into trouble afterwards when collecting the data. 
6) Ask the questions- When asking the questions and guiding the discussion it is important to make sure that people don’t drift off topic as this doesn’t aid our research. 
7) Seek equal representation from the group- This is key to gain more perspective from different points of view.
8) Take brakes at suitable intervals and end the group at a reasonable time- If the group goes on for too long it is likely that you will see a reduced rate of participation as the group tiers. 
9) Hand out questionnaires and analyse feedback- Once the focus group has ended it is crucial to look back over the notes taken from the discussion and plot the data received from the questionnaire to make a conclusion and answer the project questions. 
By conducting this focus group session, it tested my organisational and communication skills. The characteristics of shaper were useful as I had to drive the conversation due to people being weary at the start. It was also helpful that I have been a part of focus groups in the past. This gave me great insight into what makes it a good experience for the participants. An article that was also very helpful in the planning of the group was (PhD, 2006)














[bookmark: _Toc44090424]Design 
Once the roles were established within the group, the list of tasks was established and the tasks divided between the group that would best suit our skills. As I had experience in using CAD I was chosen to make the model for the 3D printed cutlery. There were some challenges that had to be overcome. Such as limiting the amount of material to as little as possible to reduce printing time and limit wastage. Creating an implement strong enough so that it wouldn’t snap under the load of people picking up and moving food. 

By printing the cutlery solid all the way through it will lead to warping as the material cools due to the different thicknesses of material throughout the utensils (Wenzheng Wu, 2015). To combat this, we implemented a common practice in 3D printing which is to create a hollow structure with a honeycomb frame inside similar to bone. This technique allows the wall thickness to remain constant throughout the structure, whilst also keeping the utensil rigid and strong enough (Meir Max Barak, 2018). The hollows in the design also save material and speed up the printing process. 
  
[image: ][image: ]Here are some examples of our designs. Due to the utensils having a curve to the handle to aid ergonomics and the printing being done on a flat bed. There needs to be supports connected to the underside. These would break off easy once the printing was done and can be added back into the process again to be re-melted. 


















[bookmark: _Toc44090425]Implementer – Owen Bayliss (1708437)

[bookmark: _Toc44090426]Introduction
As my role as an implementer it is my main duty to insure that all of our research, design and process is compiled together and to instrument the designs created by my colleague and ensure that they are not just simply designs on a page but to push these ideas into fruition as a prototype of the sustainable single use cutlery set. I was assigned the role as an implementer via a team exercise at the very beginning of the project, myself and all members of the team were given all 9 roles of the Belbin’s team role ideology and we had to list the roles 1-9, 1 being the most relatable to our own personality traits and work ethic and 10 being the le[image: ]ast relatable (Tools, 2020). We then took the results and produced a table to simplify the delegation process, from this it was simple to assign which role would go with each team member. As implementer was the most relatable to me I was assigned such role. As an implementer I need to cooperate with my team and ensure that my contribution is to turn ideas into practical actions or in this case take the initial designs from the manufacturing process and to aim to produce a fully functioning prototype. An implementer role in a project such as this could associate with the a management or leadership role in some cases, as an implementer needs to be organised and driven to get things done, however an implementer has the potential weakness to be argumentative it is more suitable for the implementer to fill a roll such as producing the prototype.

[bookmark: _Toc44090427]The Systems Approach
As I am the implementer it is my main role to ensure that our project produces results and that all components are brought together as a final prototype. One of the main attributes of an implementer is to be organised and disciplined. Understanding this I chose to implement the systems approach organizational theory (Bhardawaj, 2017). This theory puts emphasis of allowing a number of variables to interact with one another in order to form a “unified whole”. The “unified whole” in this instance is the prototype. The theory looks at a project as a whole as different aspects taking into consideration, organisation, people, technology. The systems approach was first introduced in the 1950’s, in Engineer Scott Jackson’s paper “What Is the Systems Approach?” he states its influence can be seen in “psychology, sociology, political sciences, ecology, jurisprudence, systems thinking and systems engineering” (Jackson, et al., 2010).  This is down to the fact that all fields incorporate an open fields system. However the approach can also be applied to closed systems. The system in our case is the project as a whole which is an open system (Chen, 1975). To apply this theory to our project I need to subdivide all tasks into variables and structure them so they interact with one another in an organised streamline manner. The aspects shall be structured as such, 
· Team Arrangement 
· Brainstorming
· Focus Group
· Selection
· Project Plan
· Design
· Process
· Prototype
Each aspect of the project will be conducted by a team member utilising their assigned Belbin team role. I have devised this structure as each task seamless leads into one another allowing progress to be made in each topic by referring back to the tool previous and further. This is essential to an open system as all systems should interact with one another for the systems approach to fully work. This is, for example, to complete the selection and design it is crucial that sufficient research has been done in the brainstorming period of our project and also that we have had positive results in the focus group exercise (Chen, 1975). More importantly for myself implementing this structure meant that when producing the prototype my job was made all the more simpler as I had all this data to look back on, I did not have to decide on major components such as materials, manufacturing process and design. These tasks had been previously undertaken by members of the team where their assigned Belbin team roles would mean that their skills and work/team ethic would mean that they were better suited to undertake these tasks, for example the member of my team that had been assigned the specialist role was ideal for the process task as being a specialist meant they had precise and expert knowledge on the task in hand (Tools, 2020), this being the selection of materials and the manufacturing process of our chosen project. This directly affected me as the implementer as with this knowledge and work done I can then move on and produce the prototype. If I have to return to the beginning of the prototype process once again however I will return to my specialist and designers if changes to design of materials need to be altered.

[bookmark: _Toc44090428]Utilising Specialists Decision for Manufacture
Prototyping a design is extremely important in a project as it allows the designers and manufactures to highlight any issues with the current design that may have been missed or would not have been detected without producing a physical model. Firstly before producing a prototype you need to specify how the designs are going to come into fruition, what manufacturing process are going to be used and what needs to go into deciding how your designs are going to come to life. Luckily in this instance the manufacturing process has been decided for me via the specialist in the team. The specialist decided that the best approach for the manufacturing process was to produce the prototype using a 3D printing method utilising the fact the process is very fast, with zero waste. Previously stated the process will be conducted with a 3-axis system with a stainless steel nozzle. The plastic that will be used will be recycled plastic filament that has passed through numerous steps to ensure that it is safe and suitable for our product and our target market. Implementing these choices I will produce the prototype. After receiving my results from the initial focus group tests I will take what changes need to be made and implement the manufacturing processes once again, changing materials and or the design of the product. If a manufacturing process needs to be changed following these results then I will do so following through research and guidance working as a team from the specialist within our team. Following each focus group test results I will continue to make what changes need to be made making note of each changes and reason for my final summary report. 

[bookmark: _Toc44090429]Importance of Producing a Prototype 
[image: Prototype Model | A Quick Glance of Prototype Model with Phases]The importance of producing a prototype in a project such as ours is vital, it can allow the whole to understand and see first-hand their contribution to the project. This can be in the simple prototype such as hand-drawn sketches or solid works models or in the fully functioning physical prototype which can be sent to focus groups and target market testing sessions. Producing a prototype is fundamental to the finished project and is essential for the future of a project and how a product will perform once fully released (Koteshov, 2019). Prototyping allows us to analyse which materials, manufacturing process and designs are the best by putting the prototypes to user research groups and target market research (Singaram & Jain, 2018). There are many different types of prototypes such as, Proof-of-Principle Prototype, Working Prototype, Visual Prototype, User Experience prototype, Functional Prototype and Paper Prototype (Designer, 2015). The type that we will produce is the Fully Function Type, this is so we can put our prototypes back to the focus group and analyse feedback to further our designs and make our product even better. Using the functional prototype we can ask questions such as, is the product an acceptable size for your desired needs? Is the product an acceptable weight for your required need? Does the material leave a taste? Does the texture of the material used lead you to feel negative about the product? Is the product aesthetically pleasing? Are the colours chosen enticing? Is the shape of the product enticing? All of these questions can give valuable feedback for us as a team as it will guide us on where our designs, concepts, materials and processes need to go whether they change or they remain the same (Pestana, 2019). It is also common practice to use a 3D printing method when producing a functional model again because of the positive attributes that come with 3D printing, the speed that the model can be produced and the cost of actually producing the model is very low (UXPin, 2014). Prototyping is used in all sectors, ranging from [image: Joe Doucet Designs for the Future of Dining with 3D Printed Hybrid ...]mechanical engineering all the way to web design and electronics (Blackwell & Manar, 2015). The word itself derives from the Greek word for primitive form (Oshana & Kraeling, 2013). Our prototype doesn’t have to be perfect as it is still in its primitive form, instead we need to ensure that it is a tool which allows us from designers to those manufacture as an aid to better understand what our target market want and need. Producing a high fidelity prototype is a very helpful tool when designing and producing a very complex product, however even though our product may not be a complex product it still requires a full functional prototype so we can distribute back to the focus groups for design and development purposes, also it will give the team members that designed the product to see first-hand what they have produced and whether scale or shape can be altered. The specialists that decided on materials and manufacturing process can decide whether revisions need to be made on what materials should be used and whether cheaper, stronger, lighter or a number of variable need to be changed before they are happy to release to user focus groups for assessment. Reviewing focus group assessment results the prototype stage should always be repeated to ensure reliable data is collected for product progression.

[bookmark: _Toc44090430]Introduction of Prototype to Focus Group
We now have our prototype, we have finished the initial design, the materials have been selected and the manufacture of our first prototype is now completed the next stage of the process is to reintroduce the focus groups from the beginning of the report and unveil our first prototype, collecting information critical information on first impressions ranging from the look and feel to pricing expectations and sustainability measures (Thorne, 2000). Having already selected our focus group previously that saves me the task of constructing a focus group that our product will effect whilst also upholding a diverse range of genders and ages (Breen, 2006). Introducing the prototype will be simple I will produce a number of prototype models (depending on the number of people in the focus group) and allow them to use the product for a full week for each meal they consume. Washing of product in between is required to measure how the cutlery holds up with rigorous contact with water and cleaning chemicals, even though our products main intension is to be single use, the results from cleaning will be fundamental to the choice of material we finalise on (Bhatia, 2018). All members of the focus group will be required to keep a product diary, answering the same 5 questions each meal. This will allow us to see if there is any structural change to each of cutlery after every meal and wash. These questions will be, 
· Does the product leave an after taste in your mouth after use? 
…………………………………………………………………………………………………
· Has there been any significant change in shape in the product since last use?
…………………………………………………………………………………………………
· Does the structural integrity of the product remain the same as first use?
…………………………………………………………………………………………………
· Has the colour of the product faded or changed since last use?
…………………………………………………………………………………………………
· Could the design of the product bee more ergonomic?
…………………………………………………………………………………………………
Taking the data from this study will allow us to directly see what we are doing right with our current design and what needs to change in order to make our product the best that it can absolutely be. Making what changes need to be made then, we will begin the process again, I will take what the specialist has decided and the designer in my team and I will produce another prototype from these recommendations and then reintroduce this prototype Rev2 to our focus group and collect the same data analysing what emerging themes occur in order to always better the product until it ready for full release. To analyse the group’s data I will use Qualitative Data Analysis Techniques (Sagepub.com, 2010), this technique involves the developing of category for the data in my case this being the senses, so how a product tastes, looks and feels to touch. Then progressing this data I will look for occurring themes within the data, is the majority of our focus group developing the same problems or noticing the same thing with the product, am I noticing any repetitions within their written results, certain words or phrases. Then finally I will summarize all my results and produce a report on what our product does well and what can be changed for the next revision. I will repeat the process again 5 times to ensure that our product has covered all requirements and request from our focus group and that all queries have found a suitable solution. This part of the project is one of the most important part of the projects future, not referring back to results from tests such as this can be detrimental to the future of products as some companies do not listening to critics as some changes may be expensive or time consuming and can cost them and their products future dearly.

[bookmark: _Toc44090431]Conclusion
Concluding, being the implementer has meant that ensuring that all stages of the project are carried out in an organised structured manner with heavy influences to previously stated organizational theories and also always referring back to the Belbin’s theory for team roles (Tools, 2020). I have researched multiple theories on organizational methodologies to implement these to streamline the project so that all ideas and designs are turned into practical action and no time and effort is wasted. Through the systems approach I have subdivided all tasks into an organised and seamless operation which has produced positive results from all member of our team. Each member of the team has contributed exceptionally in all tasks and has highlighted their Belbin team role exceptionally showing that the exercise that we conducted at the beginning of the project was a positive and worthwhile task referring back, it was my role to ensure that all roles follow one another in an organized manner so that intern I can fulfil my role and produce a working prototype to distribute back to our focus groups for testing and constructive feedback to progress the project to where it is ready for full distribution. Throughout this report I have outlined the importance of the prototype exercise and what needs to be done to ensure that our final product is of the highest standard. I have shown that to achieve this we need to incorporate theories and exercises to gain valuable data and feedback on how our product acts, feels and performs in its required task and functions. Turning ideas into practical action is the main requirement for an implementer and I have ensured this be introducing the following stages of the prototype stage, introducing the implementation of a multiple prototype stage by bringing the focus group back and allowing them to test our product and to give full honest feedback which intern will allow us as a team to progress our product to its full capability before its initial full release. 
[bookmark: _Toc44090432]Completer Finisher – Sam Melmoth (1809093)

[bookmark: _Toc44090433]Introduction
The completer finisher role’s responsibilities are at the end of a project when the product must be evaluated to ensure that it is of a satisfactory standard before completion. This involves looking at the product and making finishing touches to it such as tuning an engine once it has been assembled to get the best performance possible from it. Skills and attributes that are useful for this role as described by Belbin are “Painstaking, conscientious, anxious. Searches out errors. Polishes and perfects”. The negative side of this role is that there must be a set of standards that are satisfactory for an end product, or otherwise this stage will carry on for too long as the completer finisher continually tries to improve the product. Another problem with completer finishers is that they do not delegate responsibilities well. This is a problem because on order to meet deadlines it is imperative that tasks are shared between the group so that work can be done faster.  

[bookmark: _Toc44090434]Choosing roles
All members of the group were given a role from the Belbin team structure. These roles were decided by using a table comparing everyone’s strengths, numbering each role from strongest to weakest. This allowed us to identify the best combination of people to roles so that there was a skilled person for each role. By doing this exercise it allowed us to pin point weaknesses within the team where curtain skills were lacking. Once we had given our ratings we discussed who should take responsibility for each role. I was able to fulfil the role that I had put as my strongest which was shaper. I had to take responsibility for the completer finisher role later in the project, due to a team member dropping out of the project for personal reasons. This left the group with a dilemma as this member was responsible for two roles, as there weren’t enough group members to take responsibility for each individual role. Once the team member informed the group that he was leaving the project, we had to divide his responsibilities between us. There was a meeting between the remaining members and we discussed the issue. By discussing workloads and other external commitments I took responsibility for the completer finisher role and another team member took responsibility for the resource investigator role. The Completer finisher role was suited to me as I only had one role before and the shaper and completer finisher roles are both within the same section of roles from Belbin. 

[bookmark: _Toc44090435]Tasks 
During the project I had to use my role as a completer finisher to advise improvements that could be made at various stages. So that the project was ready to move on to the next step. This task was challenging due to the nature of evaluating at the end of each stage, this put constant time pressures on my activities, fortunately as I was also operating as the shaper for the team it was my reasonability to keep the project moving and motivate the team. This also made my role somewhat conflicting as I had to pick up the problems and solve them for improvement but also keep the project under the deadlines. Due to this conflict of interest I relayed on other member who were in the role of co-ordinator and monitor evaluator to make decisions on whether to spend more time improving or to move on to the next step. 

[bookmark: _Toc44090436]Cutlery design stage- During the design phase I was brought in to scrutinise the design and make decisions on how it could be improved. Such improvements included printing patterns that would, save material and reduce printing times, which are important as this system is targeted at making cutlery quickly for large events on the spot and as needed. This improvement idea involved hollowing the handles of the cutlery and replacing the solid plastic with a honey comb construction, similar to the construction of bone (Meir Max Barak, 2018). This improvement saved time during printing and saved material wastage.

[bookmark: _Toc44090437]Manufacturing process stage- The specialist advised and researched the manufacturing techniques and best practises for reusing and cleaning plastics to be reused. It was then melted and made into wire to then be used by the 3D printer. This set of processes were designed to be separated. But the process needs to be portable so it can be moved from event to event. To do this, I suggested a bridge between two of the steps. The plastics must be cleaned, melted and formed into wire then put into the 3D printer and melted again as it exits the nozzle. The wire making process could be removed entirely. This would slim down the design save power and make the operation more portable. The new process would clean the plastic and then move on to melting but instead of making wire onto a spool to then be fed into the 3D printer it would feed the melted plastic directly into the feed for the 3D printer so that the melting doesn’t have to be done twice.

[bookmark: _Toc44090438]Theories of continues improvement
Kaizen is an approach that is used to create a big advantage by making lots of small changes that will eventually add up. This theory was used very effectively by the Sky bike racing team. Their director of sport Sir David Brailsford used ‘marginal gains’ in every area of bike racing in order to create a big advantage when they were all put together. He put it as “The whole principle came from the idea that if you broke down everything you could think of that goes into riding a bike, and then improve it by 1 percent, you will get a significant increase when you put them all together.” (slater, 2012)

The steps for Kaizen are:
1) Involve all employees to source issues and problems
This can be done by suggestion schemes, morning meetings or focus groups so that all voices are heard and can offer changes (Brabham, 2013).
2) Identify problems and potential opportunities
Once all the suggestions are collected, there are plenty of tools that allow the you to pick the most relevant or profitable issues to solve and spend resources on. Such as a Project prioritization matrix (Al-Harbi, 2001). 
3) Create a solution
For this step it is key to allow all members of the team contribute towards the solutions. 
4) Test the solution
It is important to get multiple points of view on the solution to gauge whether it has worked or not. 
5) Analyse the results 
This needs to be done from the different points of view to make sure it is an improvement for everyone. Then create a success level.
6) Standardise and adapt the solution 
If the solution is successful then it can be fully incorporated into the design, if not adapt till it does so. 
7) Repeat this cycle
Continues improvement must be done consistently to maintain an advantage (Smither, 1999).    

 


[bookmark: _Toc44090439]Conclusion 
After accepting this role mid-way through the project, it was important to me that the product was finished to a high standard. This meant making some changes at the end, it was also important to me that these changes were made without causing friction within the team. That is why implementing these theories and techniques to make these changes was so important. So that everyone felt involved and that they had a say in what was happening. I gained valuable experience in managing people to come out with the best solution for the end product.    
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